Objective: Urinary tract infection is a common pediatric problem with the potential to produce long-term morbidity. Therefore, appropriate diagnosis and prompt treatment is required. However, studies about magnitude of uropathogenicity and antimicrobial resistance pattern of pediatric urinary tract infection (UTI) are lacking in resource limited countries including Ethiopia. This study was aimed to determine bacterial isolates, antimicrobial susceptibility pattern among pediatric patients with UTI.
Introduction
Urinary tract infection (UTI) is a significant public health problem and one of the common sources of infections in children. If not treated early, the complication may lead to renal scaring, end stage renal failure and hypertension. It causes significant morbidity and considerable mortality. [1] In these days, the significance of UTI has been increasingly important, particularly the role of UTI as an occult cause of febrile illness in young children. [2] Patients' symptoms are dysuria, urgent and frequent urination, flank pain, along with malodorous and/or cloudy urine. Signs of infection include the presence of blood (hematuria) or white blood cells (pyuria) in urine. Unfortunately, children often lack these symptoms. [3] UTI is the presence of bacteria (bacteriuria) in urine and defined as the growth of a single pathogen of ≥10 5 colony forming units/ml of clean catch midstream urine. [4] However, since asymptomatic colonization of the urinary tract can occur, other features such as the presence of inflammatory markers or follow-up cultures may be needed to definitively diagnose a UTI. [4] It is well documented that, UTIs are present in 1% of boys and 3-8% of girls. In the first few months of age, UTI is more common in boys with rates of 2.7% compared with 0.7% in their counterparts. Majority of infections in boys occur within the first three months of life but by school age, its rate decreases in boys and increases in girls. [5] Some reports have shown a 10-12 fold increased risk of UTI in uncircumcised boys compared with circumcised boys. [6] Research findings show that recurrent UTI is around 12-30% which is common in infants <6 months, and in patients with severe vesico-ureteric reflux and abnormal nuclear renal scans at the onset of the first infection. UTIs manifesting febrile presentations have been reported in infants aged <8 weeks (7.5%), <1 year (5,3%), and of children aged <2 (4.1%), and <5 (1.7%) years. [7] In children with genitourinary abnormalities diagnosis of pediatric UTI must be considered. Besides, accurate and early diagnosis and management of UTI can provide patients with an improved long-term prognosis. [8, 9] Different researches show that age, sex, hospitalization and malnutrition are the possible associated etiologic factors of UTI in pediatric patients. [10] Antimicrobial resistance among urinary tract isolates has recently been reported with an increased frequency all over the world. It is becoming a challenge in low-income countries, because of high prevalence of infection, irrational use of antibiotics, and poor infection prevention practices. [11] Pediatric UTI and drug resistance are emerging problems in developing countries where diagnostic facilities are very poor. However, pediatric UTI is not well studied in Ethiopia. Therefore, this study is conducted to determine bacterial isolates, antimicrobial susceptibility pattern and associated factors among pediatric patients suspected for UTI in The University of Gondar Hospital.
Material and methods

Study area:
The study was conducted at The University of Gondar Hospital (UOGH). It is a referral and teaching hospital which provides healthcare services over five million population located in Gondar town, Amhara national regional state, and 750 km far from Addis Ababa (Capital city of Ethiopia).
Study design and period:
Cross-sectional study was conducted from February 1, 2015 to June 05, 2015.
Population
Source population: All pediatric patients who were attending The University of Gondar Hospital.
Study population: Pediatric patients with symptomatic UTI, attending The University of Gondar Hospital during the study period consisted the study population.
Operational definition: Pediatric patients are patients aged 0-18 years.
Symptomatic UTI is associated with the patients complaining of dysuria, fever, urgent and frequent urination, flank pain, along with malodorous and/or cloudy urine and the amount of bacteria on the urine is greater than 100,000/mL of midstream urine.
Inclusion criteria: Pediatric patients with symptomatic UTI.
Exclusion criteria: Pediatric patients with symptomatic UTI less than 2 years and currently on antibiotherapy were excluded.
Study variables
Dependant variables: Presence or absence of bacterial isolates and antimicrobial susceptibility pattern.
Independent variables:
Age, sex, prior UTI, history of catheterization & malnutrition.
Sample size determination and sampling technique: A single proportion formula was used to calculate sample size, n=z 2 p(1-p)/d 2 p=50%, Z=1.96 d=0.05=385. However, the total population <10,000, so sample size was calculated by a formula: N f = no/1+no/N. During the study time, 1260 pediatric patients expected to be attended the hospital. N=1260, N f = no/1+no/ N=295. With 5% contingency added for non-response rate, the final sample size consisted of 310 pediatric patients. A total of 310 pediatric patients with symptomatic UTI in the hospital during the study period were consecutively included in the study.
Data collection: Using a pretested structured questionnaire form, information was collected by experienced nurses on sociodemographic information (age, gender, and residence) and clinical information (fever, pain during micturition, and ab-dominal pain) and risk factors such as malnutrition and previous UTI. These information was gathered through interview with the guardian's interview, revising medical records, clinical and laboratory diagnosis.
The questionnaire form was translated to Amharic and re-translated back to English to make the reliability of the data. The instrument's reliability and validity was also confirmed in the pre-test study.
Sample collection: Urine specimens were collected from each pediatric patient. The guardians were instructed how to collect a clean-catch mid-stream urine specimen. Accordingly, about 10 ml urine specimen was collected from each patient in a sterile screw-capped, wide-mouth container and labelled with the unique sample number, date and time of collection. Immediately, it was delivered to bacteriology laboratory and processed. Isolation and Identification of bacterial UTI: Using calibrated wire loop (0.001 mL) samples were inoculated in to Cystine Lysine Electrolyte Deficient medium (CLED). After overnight incubation at 37°C for 24-48 hours colonies were counted to check significant growth. Colony counts yielding bacterial growth of 10 5 CFU/mL of urine were regarded as significant for bacteriuria.
Colonies from CLED were subcultured into MacConkey agar and blood agar plates (BAP) (Oxoid) and incubated at 37°C for 24-48 hours. Identification of bacteria was done using colony characteristics, Gram reaction of the bacteria and biochemical tests following standard procedure. [12, 13] Antimicrobial susceptibility testing: All identified pure bacterial isolates were subjected to in vitro susceptibility testing using Kirby Bauer disk diffusion method as described in Clinical Laboratory Standard Institution (CLSI) guideline and interpreted accordingly. From a pure culture 3-5 identical colonies of bacteria were taken and transferred to a tube containing 5 mL sterile nutrient broth (Oxoid) and mixed gently until a homogenous suspension was formed and incubated at 37 o C until the turbidity of the suspension become adjusted to a McFarland standard 0.5% Baso4. A sterile cotton swab was used and the excess suspension was removed by gentle rotation of the swab against the surface of the tube. The swab was then used to distribute the bacteria evenly over the surface of Muller Hinton agar (PH=7.2-7.4) (oxoid) following discs were used: -ceftriaxone, tetracycline, nitrofurantin, gentamycin, ampicillin, ticracilin, picracilin, and trimethoprim-sulphamethaxzole for Gram-negative bacteria, whereas vancomycin, nitrofarantin, erythromycin, ciprofloxacilin, trimethoprime/sulfamethoxazole, chloramphinicol and tetracyclin for pathogenic Gram-positive cocci. The criteria used to select the antimicrobial agents were based on both their availability for the management of UTIs and CLSI guideline.
The plates were then incubated at 37 o C for 24 hours. Diameters of the zone of inhibition around the discs were measured to the nearest millimetre using a metal calibre, and the isolates were classified as susceptible and resistant. [13] Quality control: The reliability of the study findings were guaranteed by implementing quality control (QC) measures throughout the whole process of the laboratory work. All materials, equipment and procedures were adequately controlled. Pre-test was done at polyclinic. Culture media was tested for sterility and performance. Pre-analytical, analytical and post-analytical stages of quality assurance that were incorporated in standard operating procedures (SOPs) of the microbiology laboratory of University Gondar were strictly followed. International control strains: American Type Culture Collection (ATCC) such as S. pneumoniae ATCC 49619, S. aureus ATCC 25923, E. coli ATCC25922 and E. faecalis ATCC 29212, were used in this study to control the performance of the media. To standardize the inoculum density of bacterial suspension for a susceptibility test, 0.5 McFarland standard was used. [14] The data entry was checked by double entry.
Statistical analysis and interpretation:
Data were entered using IBM Statistical Package for the Social Sciences (IBM SPSS Statistics; Armonk, NY, USA) version 20 software, analyzed, tabulated and summarized. The results were presented by bar graph and tables. Strength of association was measured using chi-square test. Within 95% confidence interval, p values of < 0.05 were considered as statistically significant.
Ethical considerations:
The study was conducted after ethical approval of the proposal by institutional review board. The parents/guardians of the children gave their written informed consent for their children to participate in this study. The children also verbally assented to participate in this study. Only those volunteers and participants who had full right to continue or withdraw from the study were requested to give urine specimens. Information obtained in each course of the study was kept confidential. For each confirmed case, the responsible clinician of the patient was informed and treatment was started as per the guideline of the hospital and antibiotic susceptibility result.
Clinical anamnesis of the patients showed that they had a history of UTI (n=96; 30.9%) catheterization (n=15; 4.84%) and malnutrition (n=75; 24.20%) ( Table 1) . Sex, history of previous episode of UTI, history of catheterization and malnutrition had significant association with UTI (p value=0.000) ( Table 1) .
Prevalence of urinary tract infection
The overall prevalence of culture-confirmed UTI was 26.45% (n=82 patients). Gram-negative bacteria comprised 82.93% (n=68) of the isolates. E. coli 45 (54.88%) was the most frequent isolated bacteria followed by P. aeuroginosa, S. aureus (9.75% for both), K. pneumonea and P. vulgaris (4.88%; for both) (Figure 1 ).
Antimicrobial susceptibility patterns of bacterial uropathogens
The overall Gram-negative bacteria were sensitive to ampicillin (n=19; 27.94%), ciprofloxacin (n=55; 80.88%), chloramphenicol (n=45; 75%), ceftriaxone (n=48; 80%), gentamycin (n=54; 79.41%), nitrofurantin (n=62; 91.18%), co-trimoxazole (n=43; 72%) and tetracycline (n=35; 58%). Antimicrobial resistance levels for the Gram-negative bacteria, causing UTI were ranging from 0 to 100%. E. coli were resistant to ampicillin (69%), tetracycline (44%), co-trimoxazole (27%) and ceftriaxone (24%). All of 8 (100%) strains of P. aeruginosa were 100% sensitive to gentamycin, nitrofurantin, piperacillin and ticarcillin Whereas all K. pneumoniae, P. mirabilis, Citrobacter spp. and K. ozanea were 100% resistance to ampicillin ( Table 2 ).
The overall Gram-positive bacterial isolates were sensitive to ciprofloxacin 14 (100%), erythromycin and vancomycin (n=12; 86%), clindamycin, nitrofurantin and co-trimoxazole (n=10;71%), chloramphenicol (n=9; 64%), and tetracycline (n=8; 43%) ( Table 3) .
Multidrug resistance patterns of bacterial isolates
Among a total of isolates (n=82), multidrug resistance (resistance against two and more than two drugs) was detected in 48 (58.54%) isolated bacterial urophatogens including 40 (82.98%) Gram-negative and 8 (17.02%) Gram-positive bacteria (Table 4) .
Discussion
Urinary tract infection in a pediatric patient is a significant source of morbidity and considerable mortality. It is generally agreed that pediatric patient with UTI requires further investigation and treatment to minimize future complications. The prevalence of pediatric UTI in our study was 26.45%. This finding is in line with the study done in Gondar hospital which was 28.1%. [15] However, our finding was higher than that found in a study which was conducted in Beheshti Hospital, Iran (18.4%).
[4] The difference may be due to our study population consisting of only symptomatic patients with UTIs.
The sex distribution of patients in our study is consistent with those of other reported studies, showing statistically predominance of females with UTI (69.51% of the culture-positive cases). This rate is comparable to those reported from many countries. [16, 17] Increased incidence of infection in female is related to difference between the male and female genitourinary system anatomy i.e proximity of the female urethra to the anal region that consists of many microbial flora. The major cause of female UTI is the shorter and wider urethra through which the bacteria, from fecal flora may readily enter into the bladder and kidney. [18] Urinary tract infections are frequently caused by a single pathogen namely E. coli. [2, 15, 19] In our study also we isolated only E. coli as a single UTI pathogen in 54.88% of the cases. In our country in various studies E. coli has been found to be a common pathogen causing UTI. [15, 19] E. coli, P. aeuroginosa, S. aureus, K. pneumonae and P. vulgaris were the most common bacterial pathogens causing UTI in children in our study. More or less similar observations were made in pediatric cases of UTI in different studies and countries, though the proportion and the prevalence varied. [20, 21] Gram-negative bacteria were more prevalent (82.92%) in this study which is in agreement with previous studies. [4, 15, 20] Gram-negative bacteria are the dominant bacteria that cause UTI. This could be due to the presence of unique structure in Gram-negative bacteria which facilitates attachment to the uroepithelial cell, with resultant high prevalence in the gastrointestinal tract. Its this unique structural characteristics prevent elimination of bacteria with urinary lavage, and allow its multiplication and tissue invasion ensuing in invasive infection and pyelonephritis. In this study E. coli was the predominant bacteria causing UTI in pediatric patients. This is in agreement with other studies done both in pediatric and adults. [15, 19] In our study, the second predominant isolates were S. aureus and K. pneumoniae with a similar prevalence. This study result was similar to that of the study conducted in Gondar [15] where S. aureus was the second predominant isolate. In Jima [19] K. pneumoniae was the second predominant Figure 1 (18) 10 (22) 11 (24) 9 (20) 5 (11) 12 (27) isolate. S. aureus was more prevalent among Gram-positive bacteria in this study, in contrary to other study S. saprophyticus was the most prevalent. [22] This may be due to lack of sexual activity in the pediatric age group which predisposes the female to the possibility of contracting UTI by S. saprophyticus.
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In this study, it had been tried to assess the susceptibility patterns of the isolated bacteria to different antibiotics in vitro disc diffusion. Gradually increasing antimicrobial resistance among uropathogen isolates (mostly ampicillin, tetracycline and cotrimoxazole) has been reported from many countries. [4, 15, 20, 22] This may be due to frequent prescribing antimicrobial agents and easy accessibility to antibiotics in every hospital in most countries. These antimicrobial agents are also frequently used in empirical treatment of UTI in our hospital. In our study, the frequency of resistance to ampicillin was 72%. This is comparable to 77% resistance to ampicillin, found in a study done in children in Tanzania. [23] However, this resistance rate to ampicillin is lower than 96% prevalence reported from Iraq. [20] In present study, it was found that all K. pneumoniae, P. mirabilis, Citrobacter and K. ozanea isolates were 100% resistance to ampicillin. This implies that ampicillin had been more prevalently used previously and could not be the choice of drug for empirical treatment of UTI particularly in the study area.
Multidrug resistance were seen in 58.53% of the isolated bacteria which raises serious concerns. This suggests a high resistance gene pool perhaps due to gross misuse, and inappropriate usage of the antimicrobial agents, incorrect administration of antimicrobial agents, and increase in the production of bacterial enzymes such as beta-lactamases, and lack of good controlling mechanism, which can increase the prevalence of multidrug resistant microorganisms. [23] Taken all together, these findings clearly show how resistant strains are expanding at an alarming rate in the area. With this trend, an antibiotic which was effective a year ago might not be used next year. This creates great burden especially to people living in resource-poor countries where they couldn't ensure their daily bread let alone for medication. The cost of new antibiotics is also high which in turn poses great burden for poor countries.
On the other hand, some of isolated bacteria were sensitive to nitrofurantin, gentamycin, ciprofloxacin and ceftriaxone similar to other studies done in Ethiopia. [13, 17] Low resistance were observed for these drugs because they are not easily accessible and the price is relatively expensive compared to others. Therefore, these drugs could be potentially an alternative empirical treatment of pediatric UTI.
In addition to the identification of the common bacterial agents and the susceptibility patterns in the present study, it has been attempted to assess the association of different sociodemographic and clinical parameters with development of bacterial infection. In our study, sex, malnutrition, previous history of UTI and history of catheterization were significantly associated with UTI (p=0.000) which was supported by other researchers. [24, 25] In present study, the overall prevalence of symptomatic pediatric UTI was 26.45%, and E. coli was the most predominant organism followed by S. aureus and K. pnemoniae. Most bacteria were resistant to ampicillin, tetracycline and cotrimoxazole, while others were sensitive to nitrofurantin, ciprofloxacin, eryrhromycin, gentamycin and vancomycin. Multidrug resistant bacteria were very prevalent. Occurrence of bacterial infection was positively associated with previous catheterization, malnutrition, sexual activity and previous episodes of UTI. Regular monitoring is required to establish reliable information about resistance patterns of urinary pathogens for optimal empirical therapy of patients with UTIs. Therefore, we suggest that empirical antibiotic selection should be based on the knowledge of local prevalence of bacterial organisms and antibiotic susceptibility patterns rather than on the universal guidelines. Further longitudinal studies are mandatory to assess prevalence of uropathogens, antimicrobial resistance patterns and associated risk factors.
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